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a b s t r a c t

A new procedure was developed for the highly regioselective synthesis of aromatic car-
boxylic acids using the sodium hydrogen carbonate/triphenylphosphine ditriflate system
in ethanol at room temperature. This metal-free system was used for the carboxylation of
thiophenol with unexpected products in terms of selectivity. The simplicity of the pro-
cedure, readily available aromatic compounds, short reaction times, and mild reaction
conditions are other advantages of this protocol.

© 2017 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

Breaking and functionalization of a CeH bond leading to
a new CeC bond formation is a challenging area in organic
chemistry [1]. Traditionally, the carbonecarbon bond for-
mation in preparation of aromatic carboxylic acids involves
treatment of strongly organometallic compounds such as
aryl palladium or aryl magnesium reagent [2] with CO [3] or
CO2 [4]. The use of other substrates such as aryl halides has
been reported in carboxylation reactions [5]. Arenes have
also been used to produce aromatic carboxylic acids via
direct carboxylation of the CeH bond. Carboxylation of
arenes with formic acid was developed [6]. It was reported
thatN-heterocyclic carbenemetal complexes can efficiently
catalyze carboxylation of heteroaromatic compounds [7].
Carboxylationof benzoxazole andbenzothiazolederivatives
with CO2 by heterocyclic copper complexes was reported
[8]. Consequently, the introduction of a simple and efficient

method without using transition metal and gaseous carbon
dioxide or carbon monoxide is desirable, especially using
reagents, which are more favorable to handle.

Trifluoromethanesulfonic anhydride, Tf2O, is a good
reagent for the conversion of an OH group into an OTf
leaving group [9]. Triphenylphosphine ditriflate (TPPD) was
prepared exothermically as a white precipitate from the
reaction of Tf2O with Ph3PO in CH2Cl2 [10]. This salt was
presented as a powerful dehydrating agent and promoter
(Scheme 1) [11].

As part of our ongoing efforts to develop electrophilic
aromatic substitution [12], we have examined direct
carboxylation of arenes using sodium hydrogen carbonate
as a carboxylating agent, TPPD as a promoter, and ethanol
as a solvent at room temperature under transition metal-
free conditions (Scheme 2).

2. Experimental section

2.1. General information

All the chemicals were obtained from Merck, and used
as received. All products are known and characterized by a
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comparison of their spectra (1H NMR, 13C NMR) with those
reported in the literature. All yields refer to the isolated
products. NMR spectra were recorded on a Bruker Avance
spectrophotometer (400 MHz) in CDCl3 and used as an
internal standard.

2.2. General procedure for the carboxylation of arenes

The fresh obtained TPPD (0.672 g, 1.2 mmol) was dis-
solved in 3 mL of ethanol, and then sodium hydrogen car-
bonate (0.084 g, 1 mmol) was added into the solution. The
resulting mixture was stirred for 30 min at room temper-
ature. Then, mesitylene (0.14 mL, 1 mmol) was added into
the solution and the stirring continued for 60 min at room
temperature. The reaction completion was monitored by
thin layer chromatography. After the completion of reac-
tion, the solvent was removed under reduced pressure, and
the saturated sodium bicarbonate solution (10 mL) was
added to the medium. The product was extracted with
chloroform (3 � 5 mL) and the organic layer washed with
water and dried over anhydrous MgSO4. The filtrate was
evaporated and the crude product was purified by silica gel
column chromatography using ethyl acetate/n-hexane
(3:7) as eluent to afford 2,4,6-trimethylbenzoic acid
(0.131 g, 89%).

3. Results and discussion

The initial study was directed toward exploring the re-
action conditions for the carboxylation of mesitylene using
NaHCO3/TPPD system. We first tested the suitability of
several different solvents for the carboxylation of mesity-
lene with NaHCO3 promoted by TPPD. It was observed that
the nature of the solvent has a considerable effect on the
reaction rate and the yield of product, and EtOH was found
to be the most effective solvent (Table 1, entry 4). Other
solvents including H2O-EtOH (1:1), H2O-EtOH (1:2), H2O-
EtOH (2:1), CH2Cl2, CH3CN, and CHCl3 were substantially

less effective. Water was not effective at all due to the low
solubility of arenes at the reaction temperature. To study
the effect of the amount of TPPD, different amounts of the
promoter (0.5, 1.0, 1.2, 1.4, and 2.0 mmol) were chosen. The
results show that 1.2 mmol of the promoter per millimoles
of mesitylene afforded the best results. An increase in the
amount of TPPD to 2 mmol shows no significant difference
with respect to the yield. The reaction was not complete
when less than 1.2 mmol of the promoter was used. An
increase in the temperature from room temperature to
reflux condition indicates that the yield was almost unaf-
fected. As a result, the optimized reaction conditions are
TPPD (1.2 equiv) in EtOH at room temperature. The pres-
ence of the promoter is essential to the reaction, because no
reaction occurs in the absence of it.

To examine the generality of this procedure, we inves-
tigated the reactions using a wide range of arenes as sub-
strates under the present reaction conditions. The results
are summarized in Table 2. The carboxylation reaction can
be carried out with aromatic compounds without consid-
eration of the type of substituent. Aromatic compounds
with both electron releasing and electron withdrawing
groups afforded the corresponding products in moderate to

Scheme 1. Synthesis of TPPD.

Scheme 2. Synthesis of carboxylic acids.

Table 1
Effect of the solvent on the carboxylation reaction of arenes.a

Entry Solvent Time (min) Yield (%)b

1 H2Oeethanol (1:1) 120 37
2 H2Oeethanol (1:2) 95 67
3 H2Oeethanol (2:1) 120 30
4 Ethanol 60 89
5 H2O 120 0
6 CH2Cl2 120 0
7 MeCN 120 0
8 CHCl3 120 0
9 n-hexane 120 0

a Mesitylene (1 mmol), sodium hydrogen carbonate (1 mmol), and
TPPD (1.2 mmol) in EtOH at room temperature.

b Isolated yield.
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